
the population of the district) was $10,400. Assum¬
ing that approximately the same incidence of malaria
occurs in the southern part of the district in 1919,
under full irrigation, as occurred in the northern part
in 1918, the approximate loss for the entire district
in 1919 will not be less than $13,500 for 325 families,
or about $41.50 per family.

OTHER COSTS OF MALARIA

Other costs of malaria, for which no accurate data
were readily obtainable, are :

1. Deaths from malaria. The six deaths in this dis¬
trict in 1918 probably averaged not less than $100 per
funeral, in addition to the economic value of the lives
lost.

2. The item of labor loss among casual laborers.
This is known to be large, but could not be determined
at the time of investigation.

3. Losses caused by inability to handle crops at the
proper time, on account of malaria attacks. One
known instance of this kind resulted in a definite loss
of $120.

4. Losses on forced sales of property, by people
leaving the district on account of malaria. Nine fam¬
ilies made statements of intention to leave the district
because of the malaria. In addition, the presence of
malaria deters many families from buying land and
developing it: three such cases came to my attention,
and there were rumors of many more.

5. Losses due to vacant property, particularly in
Anderson town, much of it due to the presence of
malaria. At least twenty such vacant properties were

observed, which have an annual rental probably not
less, on the average, than $200.

6. Removal by many families from the district in
the summer for the express purpose of avoiding the
malaria if possible. Eight such cases came to my
attention, and there are probably more. Such moves
can hardly average a lower cost than $50 to the fam¬
ily : the economic loss to the community is probably
much greater.

7. The loss due to depreciation of property values
caused by the presence of malaria and mosquitoes.
This cannot be definitely determined, but is probably
greater than all other items combined. A conserva¬
tive estimate would be between $5 and $10 per acre,
or, say roughly, $250,000 for the entire district.

COST OF CONTROL MEASURES

The cost of drainage and mosquito control work in
the district I have roughly estimated at $22,400 in the
first year, $5,000 in the second year, and $3,800 in the
third and subsequent years. Of the first year's expense,
$12,000 is allowed for agricultural drainage and cor¬
rection of interferences with natural drainage, which
would be required regardless of the presence of
malaria.

Estimating a 50 per cent, reduction of malaria in
the first year, 75 per cent, in the second, 90 per cent,
in the third, and 95 per cent, in the fourth year (our
experience in California has shown that this is readily
possible), four years' work should eliminate, in sav¬

ings, the cost of malaria due to the three items of
medicine, medical service, and labor loss, and should
show a considerable profit in other items, particularly
in appreciation of property values.

The organization of a mosquito abatement district,
under the provisions of the state enabling act, has been
advised as the first step ir control measures.

THE SO-CALLED DOUBTFUL OR PARTIAL
WASSERMANN REACTIONS

A PLEA FOR QUANTITATIVE RESULTS, AND DESCRIP-
TION OF THE WRITER'S METHOD

CHARLES E. SIMON, B.A., M.D.
Professor of Clinical Pathology at the University of Maryland School

of Medicine and the College of Physicians and Surgeons
BALTIMORE

In the early days of the Wassermann work it was
found that, while the majority of serums obtained
from bona fide cases of syphilis gave complete com-
plement fixation, when tested in the usual manner,
only partial fixation was noted in a certain proportion,and notably in those that had been undergoing active
treatment. The occurrence of such partial reactions,
which were generally designated by the symbols ++,
+, \m=+-\and even\m=-+\,was interpreted as indicating the
presence of relatively small quantities of the syphiliticantibody, and hence as a favorable symptom in those
undergoing treatment, but nevertheless as indicating
the existence of syphilis. Further studies then showed
that such partial reactions do occur, as a matter of
fact, in actual cases of the disease, but that every par-tial reaction does not necessarily denote syphilis. Gen-
erally speaking, the conclusion was reached that com-
plement fixation, whether complete or incomplete, can

only be regarded as indicating the existence of the
disease in question provided the biologic reagents
employed in the test are of standard quality and stand
in a definite quantitative relation to each other ; that the
investigator does not use antigens in too concentrated
a form, or complement in too small an amount (orwhat amounts to the same thing in an insufficiently
active state), or the hemolytic amboceptor in insuffi¬
cient or too large a quantity, etc. ; for lack of watch¬
fulness in any of these respects may give rise to partial
reactions or, indeed, to complete reactions, though the
patient is nonsyphilitic, or to negative results in indi¬
viduals suffering from a bona fide attack of the dis¬
ease.

Many investigators, realizing these possible sources
of error, have attempted to eliminate them by various
modifications of Wassermann's original technic, and it
may be confidently asserted that many false diagnosesof syphilis could be avoided if the laboratory workers
saw fit to adopt some of the suggestions that have
been made. But unfortunately they have not done so,
and as a consequence the clinician only too frequentlyfinds himself in disagreement with the laboratoryworker, and particularly so on the basis of the so-called
doubtful reactions. Many laboratory workers still
report such results by the symbol -|—\-, etc., therebysuggesting to the physician not so much the doubt that
he himself may feel, but the actual existence of the
disease. As the general practitioner is not commonlyversed in the intricacies of the Wassermann technic,the plus sign to him usually means that the patient has
syphilis, and is hence a signal for active treatment,
irrespective of the number of plus marks that may be
reported, and many a poor victim no doubt has therebybeen condemned to years of unnecessary treatment.

Just why so many workers still insist on exposingthemselves to the pitfalls of the original or the earlyWassermann technic it is difficult to say, as some of
the sources of error, at any rate, are fairly well under-
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stood and might readily be avoided. In some instances
an ultraconservatism is no doubt responsible for this
reluctance to advance with the times—an ultraconser¬
vatism based on a general disinclination to deviate
from the well-trodden path of the past. In other cases
I have reason to assume that there is a tendency to
leave well enough alone, on the ground that the orig¬
inal technic is time-consuming enough, as it is, and
that any tendency to further lengthen the process
would better be disregarded. Whatever the excuses

may be, so much is certain, that no excuse is admis¬
sible when definite sources of error are disregarded at
the expense of the patient.

In the present paper it is my purpose to discuss in
some detail two factors that probably more commonly
than any others are responsible for partial reactions
and for negative reactions when syphilis actually
exists.
THE COMPLICATING ROLE OF ANTISHEEP AMBOCEPTORS

IN HUMAN SERUMS

Various writers have called attention to the fact that
human serums may contain antisheep amboceptors in
variable but frequently sufficient amount to transform
an otherwise positive into a partial or even a negative
reaction. Noguchi has shown that one antibody unit
is made negative by six amboceptor units, and three
antibody units by ten amboceptor units when the Was¬
sermann system, that is, the guinea-pig complement
antisheep system, is used. Theoretically this is inter¬
esting enough in itself, as the observation raises the
question whether the supposed union between comple¬
ment, syphilitie antibody and antigen can be severed
by an excess of amboceptor, if indeed this conception
of the nature of the so-called complement fixation
expresses what actually takes place. However this
may be, the fact remains that syphilitic serums which
do contain a sufficient quantity of antisheep amboceptor
will show only a partial or, indeed, a negative reaction
when examined according to YYassermann's original
method.

As regards the frequency with which such ambo¬
ceptors occur in human serums, the impression seems

to be quite common among some Wassermann workers
that they are, after all, rare and may properly be neg¬
lected in routine work. Why this should be the gen¬
eral view, it is difficult to understand, for it is a simple
matter to convince oneself that the presence of these
antisheep amboceptors, as they are usually called, is
not only not rare but, on the contrary, exceedingly
common. I would suggest that those workers who
believe that their presence may be disregarded treat
their specimens after the first incubation with the usual
quantity of corpuscle emulsion and reincubate for five
to ten minutes and then examine their tubes before
adding the amboceptor. They will no doubt be sur¬

prised to find a number of negative and partial final
reactions, even if all the serums were obtained from
syphilitic patients, and they will be convinced there¬
after that their work under such conditions can have no

claim to accuracy or dependability.
I have not made any special note of the number of

times that I have encountered normal antisheep ambo¬
ceptors in human serums in sufficient quantity to make
a truly positive serum give either a partial or a nega¬
tive· reaction, but I have seen it so often as to have
convinced myself quite early in my Wassermann work
that this source of error must be eliminated. Noguchi

reports that of 326 serums that he examined only
twenty-three contained no antisheep amboceptors at
all ; that in 192 the quantity amounted to two units or
more and in ninety-eight to four units or more—
figures that speak for themselves.

Of the desirability of avoiding this source of error
there can be no question. The problem is merely
whether this can be done. Two methods have been
proposed to this end.

Noguchi suggested the substitution of an antihuman
system for Wassermann's antisheep system, and in
certain laboratories this method of procedure is fol¬
lowed, and no doubt obviates, in most cases, errors

arising from this source. I have myself advocated the
removal of the natural amboceptors by extracting with
sheep corpuscles, and those workers who have been
sufficiently interested in this method .to run. parallel
examinations, with and without extraction, are no
doubt fully convinced of the necessity of the step and
of the facility with which this can be done.1

Either method will prevent the obscuring of a posi¬
tive reaction by the substitution of a negative or a

partial reaction, provided a sufficient quantity of the
syphilitic antibody is present. Neither method, how¬
ever, in itself, takes this latter factor into considera¬
tion, whereas this factor is at least as important as the
presence of natural amboceptors. We shall consider
this in detail in the following section.
VARIATIONS IN THE QUANTITY OF THE SYPHILITIC

ANTIBODY IN THEIR RELATION TO
PARTIAL REACTIONS

Recent investigations have shown me that in the
presence of large quantities of the syphilitic antibody
—in the standard dilution of 1: 5—complement fixa¬
tion takes place instantaneously, without any incuba¬
tion whatsoever, especially if the total bulk of the
diluted serum, antigen and complement is small, so
that immediate contact of the various ingredients with
each other is assured. If, for example, the standard
volume for each component, in appropriate dilution,
is 0.2 c.c, the hemolytic amboceptor and corpuscles
may be added immediately following a simple shaking
of the tutte containing the patient's serum, the antigen
and the complement, and it will be noted that on

incubating an absolutely sharply cut triple or quadruple
plus reaction, without any trace of hemolysis, may be
frequently obtained. Evidently the velocity of the
reaction under such conditions is enormous.

If now such a serum is further diluted, it will be
observed that an instantaneous reaction can no longer
be obtained, but that under the conditions of the
experiment just described hemolysis of variable degree,i. e., a partial reaction, will occur. On incubation for
a variable length of time before the addition of ambo¬
ceptor and corpuscles, it will be noted, however, that
complete fixation of the standard quantity of comple¬
ment may be obtained, nevertheless. The length of
time that is required to secure complete fixation
depends on the degree of dilution ; in other words, on
the quantity of the reacting substance. The smaller
this is, the more prolonged will the incubation periodhave to be. This may be expressed by stating that the
velocity of the reaction is proportionate to the quantityof the reacting substance, or that the period of time

1. The majority of workers who do not use Noguchi's antihuman
system fail to do so because of the difficulty of obtaining a high titer
antihuman amboceptor.
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necessary for complete fixation varies in inverse pro¬
portion to the quantity of the reacting substance.

A couple of examples will illustrate this :

1. A serum obtained from an active syphilitic in the
second stage gave an instantaneous reaction in the
usual dilution of 1:5. Dilutions were then prepared
in the proportion of 1: 10, 1:20, 1: 30, and sets of
0.2 c.c. each were now combined with an equal quan-

TABLE 1.—REACTIONS OF VARIOUS DILUTIONS OF SERUM
AFTER VARIOUS TIME PERIODS FROM AN ACTIVE

SYPHILITIC IN THE SECOND STAGE

Reaction alter Incubation for
Immediate
Reaction 10 Min. 20 Min. 30 Min. 40 Min. 50 Min.

Dilution 1:5. + + + + + + + + + + + + + + + + + +
Dilution 1:10. + + + + + + + + + + + + + + + + + +
Dilution 1:20. 0 0 0 + + ++ + + +
Dilution 1:30. 0 0 0 0 0 0

tity of antigen and complement, and incubated for
varying lengths of time, amboceptor and corpuscles
being finally added to test the extent of the comple¬
ment fixation. The results are shown in Table 1.

2. In Table 2 will be found the reactions of serum

obtained from a quiescent syphilitic in the third stage.
Such findings unquestionably warrant the conclusion

that unless a patient's serum contains a certain quan-

TABLE 2.—REACTIONS OF VARIOUS DILUTIONS OF SERUM
OBTAINED FROM A QUIESCENT SYPHILITIC IN

THE THIRD STAGE

Reaction after Incubation for
Immediate
Reaction 10 Min. 20 Min. 30 Min. 40 Min. 30 Min.

Dilution 1:5. + + + + + + + + + + + + + + + +
Dilution 1:10. 0 ++ + + + + + + + + + + + +
Dilution 1:20. 0 0 + + ++ + + +
Dilution 1:30. 0 0 0 0 0 0

tity of the so-called syphilitic antibody complete com¬

plement fixation will not be obtainable within the usual
incubation period of thirty minutes, which seems to
have become the standard in the various laboratories
the country over, but that a partial reaction will result
if the amount is sufficient to that end, or a negative
reaction if the quantity be particularly small. It would
further follow that the meaning of such doubtful reac-

TABLE 3.—RESULTS OF LONG INCUBATION IN SERUMS CON¬
TAINING ONLY A SLIGHT QUANTITY OF THE

SYPHILITIC BODY

Reaction after Incubation
Stage of

Case' Disease For 30 Min. For 60 Min.
 . Tertiary stage Partial Complete
McC. Tertiary stage Negative Complete
W.W. Tertiary stage Partial Complete
 . Primary (3d day) Partial Complete
1616. Secondary Partial Complete
P.M. Early tabes Partial Complete
I.S. Tertiary Partial Complete

tions could be determined by repeating the test with
a longer period of incubation, and that in certain cases
the presence of syphilitic antibody could still be defi¬
nitely established by such means, whereas routine
examinations along the old lines would lead to a nega¬
tive result.

A few examples illustrating this point have been
collected and are shown in Table 3, the first column
indicating the result at the end of thirty minutes' incu¬
bation, the second after an hour's incubation.

SUGGESTION FOR A NEW SYSTEM OF DENOTING RESULTS
As the period of incubation that is necessary to

effect complete complement fixation is thus unques¬
tionably an index of the quantity of the reacting sub¬
stance, it has occurred to me that on this basis a
numerical scale for denoting partial reactions could be
established that would prove more satisfactory and
would yield more information than our old system of
marking by plus signs, from which all of us would no
doubt be only too glad to be released. In many labora¬
tories the confusing -)-+> +>

—

an(i =P signs are no

longer used, and I sincerely believe it would be a wise
step to eliminate these, and the three and four plus
signs as well, and to substitute definite figures.

TABLE 4.—PROPOSED SYSTEM OF DENOTING REACTIONS

1 unit requiring 60 Min. for fixation, would represent 1.0 per cent.
10 units requiring 50 Min. for fixation, would represent 16.6 per cent.
15 units requiring 45 Min. for fixation, would represent 25.0 per cent.
20 units requiring 40 Min. for fixation, would represent 33.3 per cent.
30 units requiring 30 Min. for fixation, would represent 50.0 per cent.
40 units requiring 20 Min. for fixation, would represent 66.6 per cent.
45 units requiring 15 Min. for fixation, would represent 75.0 per cent.
50 units requiring 10 Min. for fixation, would represent 83.3 per cent.
60 units requiring 0 Min. for fixation, would represent 100 or more

I should therefore propose to designate as a unit
such quantity of the syphilitic antibody as requires
sixty minutes' incubation at from 37 to 40 C. to bring
about complete fixation of a standard amount of com¬

plement. Such amount of the syphilitic antibody as
is capable of fixing the same quantity of complement
without any incubation whatsoever I should designate
as sixty units and a reaction of the latter type I should
term a 100 per cent, reaction. I have chosen the above
quantity as the standard unit for the reason that when
one progressively dilutes a serum that in the usual
dilution of 1:5 will give an instantaneous reaction
complete fixation in the highest dilution will require
an incubation of sixty minutes.

According to this plan, then, the various percentages
would correspond to definite units of the reacting sub-

TABLE 5.—LENGTH OF TIME NECESSARY TO SECURE A ++ +
REACTION, TOGETHER WITH THE CORRESPONDING

VARYING QUANTITIES OF ANTIBODY

Time Necessary to Bring CorrespondingAbout Complete Fixation, Content of
Case i. e. a + + + Reaction Antibody
J.S. 45 minutes 25.0 per cent.
P.M. 30 minutes 50.0 per cent.
1616. 60 minutes 1.0 per cent.
Mrs.D. 10 minutes 83.0 per cent.
Mrs.W. 30 minutes 50.0 per cent.
L. 6 minutes 91.6 per cent.
Y. 1 minute 100.0 per cent.

stance on the basis of the number of minutes necessary
to secure complete fixation of a standard amount of
complement in the presence of a standard quantity of
antigen, as illustrated in Table 4.

Such a system of denotation would, in my opinion,
be more logical than our plus signs. Every percentage
figure would indicate that syphilitic antibody is actu¬
ally present and would give an idea of the relative
amount. With our present system, all of our -|--|—|-
cases by no means contain the same quantity of react¬
ing substance, as is clear from the varying length of
time that is necessary to secure a -(--)—|- reaction.

This is well shown in Table 5, all the cases of which
gave complete fixation, the time necessary to bring
this about, varying, however, as indicated.

While the method suggested will, it is thought, be
helpful in the study of +++ cases as designated by
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the old system, it is proposed chiefly for the purpose
of eliminating doubtful or partial reactions, which in
the past have been so troublesome and confusing both
to the laboratory worker and to the physician.
PROBABLE MECHANISM UNDERLYING THE PRODUCTION

OF PARTIAL REACTIONS
Let us consider the probable mechanism underlying

the production of partial reactions due to the presence
of small quantities of syphilitic antibody. In the past
our conception of the nature of the Wassermann reac¬
tion has been that the syphilitic antibody and antigen
combine and that complement is taken up by the result¬
ant product. The dependence of the degree of com¬

plement fixation on the element of time, noted in the
present paper, suggests that this idea must be some¬
what modified. Evidently the reaction follows the law
of mass action, the antibody itself apparently playing
the rôle of a catalytic agent, which we may conceive
as entering into some sort of a combination with either
the complement or the antigen, but from which it is
at once released when its temporary mission has been
accomplished. If this is true, we can readily under¬
stand that in the presence of a large number of anti¬
body units, each unit entering into action at the same

time, complement fixation would occur with such rap¬
idity that incubation is not necessary at all, the reaction
being completed before the hemolytic amboceptor and
corpuscles can be added, no matter with what haste this
may be done. Similarly, of course, a variable length of
time would be necessary to bring about the same result
if the quantity of the reacting substance is less, and it
will readily be understood that when this falls to a cer¬
tain level only a fraction of the complement will have
been fixed by the time the old standard incubation
period of thirty minutes has been reached, and the
remainder coming in contact with the hemolytic ambo¬
ceptor and corpuscles at this time will now bring about
partial hemolysis and hence lead to an inconclusive
result. A prolongation of the incubation period, on the
other hand, would lead to an increasing degree of fixa¬
tion and under suitable conditions to a complete reac¬

tion, provided, of course, the factor that is responsible
for the incomplete reaction under the old conditions of
the experiment is in reality the one that we have just
been considering. If this factor is not operative, and
if the presence of natural hemolysins has been excluded,
it may be confidently asserted that partial reactions
cannot be referred to the existence of a syphilitic infec¬
tion, and in such case it will be noted that the degree
of fixation does not increase with the lengthening of
the period of incubaion.

PROPOSED TECHNIC
In discussing my work with some of my colleagues

it was suggested that, since the Wassermann technic,
even with the present system, is so time-consuming,
every effort should be made to simplify it and not to
lengthen the process by the introduction of any addi¬
tional steps. I fully realize such a desideratum and
would favor any change that would cut down the nec¬

essary time, provided this could be done without
detracting from the accuracy of the test. But accuracy
must, after all, be our prime consideration. However,
I, believe that I have succeeded in reducing the time
required for routine examinations to such an extent
by certain changes in technic that, even with the addi¬
tional manipulations proposed for the purpose of
obtaining quantitative results, and of eliminating doubt-

ful reactions, the method as given in greater detail
below will prove more expeditious than the technic
now in vogue.

Before going on to a description of the method that
I should advocate for general adoption I would like
to discuss in detail a few technical questions that have
not received the attention of laboratory workers that
they deserve.
TIME REQUIRED FOR THE EXTRACTION OF NATURAL

AMBOCEPTORS
The majority of workers who-prefer to extract the

natural amboceptors by means of sheep corpuscles do
so by diluting a given volume of the serum with four
or five volumes of the standard corpuscle emulsion,
and incubating for thirty minutes at from 37 to 40 C,
after which the corpuscles are thrown down by cen¬
tri fugation and trie supernatant fluid is further treated
in the usual manner.

The question arises as to how many units of natural
antisheep amboceptor may be present in a human
serum and how large a quantity of sheep cells are

necessary to remove such an amount in a given length
of time. That thirty minutes are more than sufficient
I have shown long ago. Recent studies, however, have
convinced me that a ten minute incubation period will
suffice to extract from 0.4 c.c. of serum at least eighty
units of amboceptor that has been artificially added,
and that fifty units may indeed be removed in five
minutes by four volumes of a 2.5 per cent, emulsion
of sheep corpuscles (having reference to a 2.5 per
cent, emulsion prepared from corpuscle mush). As
Noguchi has shown that the content of human serums
in antisheep amboceptors rarely exceeds ten units in
0.2 c.c. of serum, it is clear that a longer incubation
than ten minutes is unnecessary and that a ten minute
period may well serve as standard for extracting 0.4
c.c. of serum with 1.6 c.c. of standard sheep corpuscle
emulsion.
TIME REQUIRED FOR THE INACTIVATION OF SERUMS

In the past it has been customary to inactivate
serums by exposure to a temperature of 56 C. in a
water-bath for a period of thirty minutes. For larger
volumes this may be necessary, but for such quantities
as we commonly use in Wassermann work a shorter
period will bring about the desired result, and for 0.4
c.c. portions inactivation for ten minutes is all that
is necessary, as is seen from the following protocol :

TABLE 6—EFFECT OF EXPOSURE TO 56 C FOR VARYING
LENGTHS OF TIME ON COMPLEMENT CONTENT

OF SERUM

Length of Evidence of
Exposure Hemolysis
5minutes. Faint trace

10minutes. None
15minutes. None
20minutes. None
25minutes. None
30minutes. None

Four tenths c.c. portions of human serum were

exposed to a temperature of 56 C. in the water-bath,
for varying periods of time, as indicated in Table 6,
and then diluted with four volumes of saline. Of
the resultant dilutions 0.5 c.c. portions were treated
with two and a half titer doses of antisheep ambo¬
ceptor and a corresponding volume of corpuscle emul¬
sion. The tubes were then incubated for fifteen min¬
utes at from 37 to 40 C, centrifugalized and the super¬
natant fluid examined for evidence of hemolysis.
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AMOUNT OF COMPLEMENT TO BE USED AND TIME TO
BE ALLOWED FOR FIXATION

With the original Wassermann technic it was cus¬

tomary to allow sixty minutes for the fixation of the
complement, in the ordinary warm air incubator. Sub¬
sequently, when the water-bath incubator came into
use, owing to the possibility of maintaining a more con¬
stant temperature and of bringing the contents of the
tubes more quickly to the desired warmth, the time was
cut down to thirty minutes. As I have shown above,
however, the period of incubation necessary to secure

complete complement fixation varies with the quantity
of the syphilitic antibody, the amount of complement
and antigen remaining the same. The larger the
amount of complement, the amount of the antigen and
the antibody remaining the same, the longer will have
to be the period of incubation. This is shown in
Table 7.

TABLE 7.—LENGTH OF TIME NECESSARY TO FIX VARYING
AMOUNTS OF COMPLEMENT, THE QUANTITY OF ANTI¬

BODY AND ANTIGEN REMAINING CONSTANT

Degree of Number of Complement Units
Complement
Fixation ¡nl 2 3 4 3 6 789 10
«0 minutes + + + + + + + + + + + + + 0 0 0 0 0
90 minutes + + + + + + + + + + + + + + + + + + +000

From these observations the conclusion would sug¬
gest itself that satisfactory end-results could be
obtained most rapidly if small quantities of comple¬
ment were used and relatively large amounts of the
patient's serum. In my own work, however, I have
adhered to 0.2 c.c. of a 1:10 dilution of complement
in combination with 0.2 c.c. of a 1:5 dilution of the
patient's serum, and a standard incubation time of ten
minutes, unless special reasons existed for suspecting
the presence of especially small quantities of syphilitic
antibody. The antigen, of course, was used in like
amount. With these volumes complete complement
fixation will be obtained not only in ten minutes in
the vast majority of syphilitic serums, but even without
any incubation in most of the untreated cases.

METHOD OF THE WRITER

The patients' serums are collected in the usual man¬

ner and separated from the corpuscles by centrifuga-
tion. Four tenths c.c. are inactivated for ten minutes
at 56 C, intimately mixed with 1.6 c.c. of a 2.5 per
cent, corpuscle emulsion (the percentage figure has
reference to corpuscle mush and corresponds to 5 per
cent, when the mush is first diluted to the original
volume of the defibrinated blood that was placed in
the centrifuge tubes) and extracted for ten minutes
by incubating at from 37 to 40 C. in the water-bath.
The corpuscles are then thrown down and the tubes
are charged with 0.2 c.c. portions of the clear super¬
natant fluid, to which 0.2 c.c. portions of the antigen
dilutions, the complement dilution, and in the case of
the control tube, of saline instead of antigen are added.
After they are shaken, the mixtures are incubated at
from 37 to 40 C, in the water-bath and then tested for
the presence of free complement by the addition of
0.2 c.c. of amboceptor (two and a half titer doses) and
0.2 c.c. of corpuscle emulsion (of the same strength as

the one employed for purposes of extraction), the
tubes being returned to the water-bath and left for
ten minutes, or at least until the control tubes are

completely hemolyzed.

The negative cases can then be read off at once and
reported as such.

Those tubes in which complete hemolysis has not
occurred are centrifugalized and the color of the super¬
natant fluid is noted. If this is colorless the examina¬
tion may be reported as positive without further
comment, or another set of tubes may be charged with
the same reagents and in the same sequence, and thor¬
oughly shaken after the addition of each, but not
incubated at all before the addition of the amboceptor
and the corpuscles. If the specimen is then incubated
until the control tube is hemolyzed, and complete com¬

plement fixation has occurred, as manifested by lack
of any hemolysis on final centrifugation, we are dealing
with a 100 per cent, reaction. If partial hemolysis has
occurred another set of tubes may be prepared and
incubated for five minutes after adding the comple¬
ment, and before testing for its fixation. If complete
fixation now occurs we note the result as 91.6 per cent.,
while partial hemolysis in this set also, but complete
fixation in the ten minute specimen, would place this
in the 83 per cent, group.

Those specimens thr* gave a partial reaction on first
examination, after ten minutes' incubation, are now
further examined, to which end I usually put up a
double set, of which the one is incubated for thirty
minutes and the second for sixty minutes before adding
the amboceptor and the corpuscles. If this is done,
and all reagents have been functioning properly, it will
be noted that every doubtful reaction will now resolve
itself either into a straight negative or a straight posi¬
tive reaction, the cause of the partial reaction at the
end of the primary incubation for ten minutes being
due, in syphilitic cases, to the presence of smaller
quantities of the reacting substance which, as has been
previously shown in this paper, require a longer period
of time to perform the work prescribed.

As we have taken as a unit that quantity of syphilitic
antibody contained in 0.04 c.c. of concentrated serum,
which is equal to 0.2 c.c. of the diluted and extracted
original 0.4 c.c. with which we started and which
requires sixty minutes' incubation in the water-bath to
completely fix 0.2 c.c. of our complement dilution in
the presence of 0.2 c.c. of our standard antigen dilu¬
tion, we denote such a reaction as a 1 per cent, reac¬
tion, whereas one occurring instantaneously; that is,
without incubation, indicates a 100 per cent, reaction.
The intervening values may be graded accordingly as

already explained.
Partial reactions due to accidental factors, errors of

technic, improper reagents, etc., never resolve them¬
selves in the manner just described. They either dis¬
appear, or remain constant irrespective of the time of
incubation ; there is never a consistent increase in the
degree of complement fixation as the period of incuba¬
tion is lengthened, such as small amounts of syphilitic
antibody will evoke.

Using the technic as outlined above, any worker
who is sufficiently interested will, I am sure, not be
disappointed in the results. To cite large series of
cases illustrating its accuracy seems without purpose,particularly in view of the fact that many of the pro¬
cedures with which the findings might be controlled
are so thoroughly faulty that they would not constitite
a proper control. I can warmly recommend the method,
if for no other reason than the fact that it disposes of
the troublesome problem of the doubtful or partial
reactions.
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